Objective: We conducted a systematic review and meta-analysis of randomized controlled trials (RCTs) to evaluate the efficacy of cognitive stimulation therapy (CST) of different durations for Alzheimer's disease (AD). Methods: A comprehensive search was carried out in three databases. The primary outcome was Mini-Mental State Examination (MMSE) score. We conducted a meta-analysis with Review Manager, version 5.3 and assessed the methodological quality of the included studies using the Cochrane Collaboration Recommendations assessment tool. Results: Treatment effects from the meta-analysis showed that CST plus acetylcholinesterase inhibitors (ChEIs) was better than the control assessed by MMSE. In addition, the metaanalysis indicated that long-term CST was better than short-term or maintenance CST. Conclusion: Our study confirmed that the combination of CST and drug treatment for AD is effective in AD, regardless of whether short-term CST, maintenance CST, or long-term CST is used. The long-term CST appears to be more effective.
Introduction
Alzheimer's disease (AD) is a progressive neurodegenerative disease which is also the most common type of dementia. The major clinical symptoms of AD are impairment in memory, language, judgement and observational ability, as well as behavioral and personality change. 1 These symptoms seriously affect daily life.
The main drugs used for the treatment of AD are cholinesterase inhibitors, such as donepezil, and excitatory amino acid receptor antagonists, such as memantine hydrochloric acid. In addition, many ongoing studies are developing new drugs. However, recently, several drug experiments have been terminated in phase 3 or 4, because they did not meet any of their co-primary efficacy endpoints. 2, 3 Thus, pharmacotherapy research on AD is at a bottleneck. This presents a good opportunity to test non-drug treatments in clinical practice. Despite decades of research, options for treating AD are various among the nonpharmacological therapies, 4 especially complementary & alternative therapies 5 and non-invasive brain stimulation techniques, 6 but the effects of the current therapies remain unclear. In recent years, there has been growing interest in cognitive stimulation therapy for people with AD, starting with increasing evidence of improving memory, cognitive skills and quality of life. 7 Alzheimer's Research UK advocates the use of cognitive stimulation. Cognitive stimulation therapy (CST), is a short-term treatment for those with mild to moderate dementia, including dementia caused by AD. 8 Cognitive stimulation was first introduced in 1994 and was designed through systematically review. 9 Group CST treatment involves 14 or more sessions of themed activities, which typically run twice weekly for 7 weeks. Longer-term, or "maintenance CST," has been outlined in a published treatment manual. 10 Both the CST and maintenance CST trials found that CST is a more costeffective therapy than placebos, in terms of cognition and quality of life. Meanwhile, a long-term RCT has indicated that CST has a better effect on AD than did a control group. Although many studies on CST have been conducted in varying treatment periods, there is still a lack of systematic review and meta-analysis which could be instructive in the treatment of AD. Therefore, we conducted a systematic meta-analysis to review the efficacy of cognitive stimulation therapy, with standard usual care, in adults with Alzheimer's Disease.
Methods
This systematic review and meta-analysis was conducted in accordance with the Cochrane Handbook for the Systematic Review of Interventions 11 and the Preferred Reporting Items for Systematic Review and MetaAnalyses (PRISMA) guidelines.
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Search strategy
For this systematic review and meta-analysis, two authors (JC, YD) implemented computerized searches of the MEDLINE, EMBASE and PsycINFO through the OVID database and CENTRAL through the Cochrane Library. Sources were searched from their inception dates to May 25, 2019, using search terms for cognitive stimulation therapy (eg, "cognitive stimulation" OR "CST" OR "stimulations, cognitive") and Alzheimer's disease (eg, "disease, Alzheimer" OR "Alzheimer dementia" OR "Alzheimer type dementia"). Detailed search strategies used in all databases are presented in the Supplementary material. These searches have been complemented by examining review articles.
Study selection
Two reviewers (JC, YD) independently screened the titles, abstracts, and selected full texts of articles for inclusion using a study eligibility form based on items from the inclusion/exclusion criteria. Disagreements were resolved by discussion and consultation with a third reviewer (CT). Only articles published in English, available in full text, and reporting the results of randomized controlled trials were included. There was no restriction on the age or gender of participants. We included studies investigating participants with AD, as diagnosed by the National Institute of Neurological and Communication Disorders and Stroke/ Alzheimer's Disease and Related Disorders Association (NINCDS/ADRDA) criteria or the Diagnostic and Statistical Manual of Mental Disorders (DSM). We excluded studies investigating participants with mild cognitive impairment (MCI) or other types of non-AD dementia. Only studies on cognitive stimulation therapy or combinations of cognitive stimulation therapy and ChEIs were included. There was no restriction on the intervention parameters (eg duration, course). According to existed studies, Short-term CST is less than 3 months. Maintenance CST is 3 months to 6 months, and Longterm CST is more than one year. 13 Studies with no comparison intervention were excluded. Control interventions included usual care or CHEIs. Studies were included if they assessed cognitive functioning. We included only randomized trials and excluded single-arm trials (ie those with no comparison group), case series, and case reports.
Methodological quality
Two reviewers (HL, JL) independently assessed the methodological quality of the included studies using the Cochrane Collaboration Recommendations assessment tool. 11 This is a tool for assessing 7 domains, including random sequence generation, allocation concealment, blinding of participants and personnel, blinding (or masking) of outcome assessors, incomplete outcome data, selective reporting and other bias. Based on these items, studies in which the key domains were all low-risk were considered low-risk. The remainder were deemed either high-risk or unclear-risk, depending on the number of key domains of high-or unclear-risk. Disagreements between the review authors over the risk of bias were resolved by discussion with another author (CT).
Data extraction
Two authors (JC, YD) devised a pre-determined data extraction sheet and extracted the data from the selected studies. Another author (LL) reviewed the data. The extracted information included study design, year, first author, sample size, demographic characteristics of the participants, details of the intervention and control groups, outcomes, and information for assessing the risk of bias.
Statistical analysis
We conducted a meta-analysis using Review Manager, version 5.3 (Cochrane, London, UK). For the meta-analyses, mean differences (MD) and 95% CIs were used for continuous data. All outcome measures were estimated based on the change from baseline to follow-up. We examined heterogeneity among the studies using the Higgins I 2 test. We considered low to be where I 2 < 25%, moderate where I 2 ≥ 50%, and high where I 2 ≥ 75%.
14 Fixed-effects models were used when I 2 < 50%, and random-effects models were used when I 2 ≥ 50%. 15 If there were enough studies to further classify the CST or control groups, we did additional subgroup analysis Combining studies providing only positive and negative results with studies of different treatment courses could have led to biased results. Therefore, we stratified several pre-defined subgroup analyses to assess the effects.
Patient and public involvement
Patient and Public Involvement are not involved as this study is a meta-analysis based on published studies.
Results
Study description
The systematic search first identified 124 records in all databases. After removing duplicates, 59 records remained. A review of the titles and abstracts excluded 39 records. After assessing the full text of the remaining 20 articles, five studies that met all eligibility criteria were included in our analysis ( Figure 1 ). Table 1 shows the detailed characteristics of the included studies. [16] [17] [18] [19] [20] In total, 315 patients were included in this meta-analysis. The included studies were published between 1994 and 2017, inclusive. Experimental interventions involved cognitive stimulation therapy in all the included studies. Among 5 trials, 1 study used CST for less than three months' duration, while 2 studies used CST between 3 months and 6 months' duration. Two studies used CST for more than one year's duration. Moreover, 1 mid-term study reported short-term data, and 1 long-term study reported mid-term data. As outcome measures, MMSE was evaluated in 5 trials; NPI was evaluated in 2 trials.
Quality assessment
We evaluated the quality of included studies with the Cochrane Collaboration Recommendations assessment tools. Of the 5 trials included, only 3 had used a computergenerated random number or a random number table and had been rated as having "low-risk" of bias in random sequence generation. Allocation concealment was performed using an appropriately sealed method in three studies. One study was evaluated as "unclear" due to lack of information. Blinding of participants and outcome assessments were reported in 4 trials. All studies had "low-risk" of attrition bias and reporting bias, as they had reported all scheduled results. Except for one study with possible baseline imbalances among participants in the experimental and control groups, the remaining four were evaluated as being "low-risk" in the other bias domain. Overall, 3 studies were considered low-risk, while 2 were considered unclear-risk. Methodological assessments for each included study are presented in Figures 2 and 3 .
Efficacy of cognitive stimulation therapy Cognitive function
Five studies assessed cognition function by using the Mini-Mental State Examination (MMSE). It was a significant effect for cognitive stimulation therapy plus phamacotheray in AD compared to the control group (MD 1.10, 95% CI 0.62 to 1.58, I 2 = 0%, P＜0.0001) (Figure 4 ).
Behaviours
Two studies used neuropsychiatric inventory (NPI) to assess behaviours that commonly occur in dementia. They indicated that the comparison of CST and CHEIs was significantly more effective than CHEIs alone (MD −2.14, 95% CI −2.98 to −1.30, I 2 =49%, P<0.0001) ( Figure 5 ).
Subgroup analysis of different courses of cognitive stimulation therapy
Cognitive function Studies which measured cognitive function using MMSE showed differences in favour of the combined treatment of short-term maintenance and long-term CST and drugs (shortterm CST:MD (Figure 6 ).
Discussion
We have provided a systematic review and meta-analysis of cognitive stimulation therapy for people suffering from AD.
We have pointed out their main characteristics and goals, and the scientific evidence in support of cognitive and behavioral improvement. The main findings were that (a) cognitive function and neuropsychiatric symptoms can be improved through cognitive stimulation therapy in people with AD; (b) long-term CST showed a better effect on the rehabilitation of cognitive function; and (c) CST showed that it is effective as a complementary therapy for AD pharmacotherapy. These findings highlight a new rehabilitation opportunity for people living with Alzheimer's disease, and they have implications for improving cognitive function. The World Alzheimer's Report 21 published in 2011 stated that CST should be routinely given to people with early stage dementia. A number of studies have shown that CST has an effect on cognitive function and quality of life Fewer studies were included in the analysis using ADAS-Cog and QoL, and therefore the outcome assessments of our review were MMSE and NPI. Based on our research, we have supplemented the evidence that CST combined with drugs is an effective treatment for AD. Our review found that the combined treatment had a significantly different effect on MMSE than did drug treatment alone, regardless of the CST course. In addition, in order to further analyze which course of CST was more effective, we conducted a subgroup analysis. The benefits of cognitive stimulation therapy for patients with AD were found mostly in the long-term follow-up period for cognitive outcomes. Moreover, our study provides evidence of the effects of cognitive stimulation intervention combined with cholinesterase inhibitor therapy on neuropsychiatric outcomes. However, the number of trials did not satisfy our pre-defined inclusion criteria. While synapse changes, especially presynaptic changes, and cognitive decline in AD is well documented, 24,25 very little is known about the possible mechanisms of the effects of CST. It is commonly accepted that exercise can promote synaptic plasticity, which believed to be crucial to cognitive process. 26, 27 Moreover, an increasing amount of studies showed deep brain stimulation can modulate neuronal activity within memory circuits for AD. 28 In general, the research hotspot of AD regulation mechanism is mostly focused on neuronal loss, neuroplastic cortical phenomena 29 and neural plasticity, similarly to other neurological and psychiatric diseases like depression. 30 Accordingly, a recent longitudinal study demonstrated that an activity which stimulated the brain might be a preventive factor for Alzheimer's disease and related dementias as theorized in cognitive reserve research. 31 Therefore, it may be likely that cognitive stimulation may be leading to multiple modulation liked above. More work is warranted to identify the mechanisms of the effect of CST. This review has several limitations which warrant consideration. First, the low methodological quality of some studies remains a challenge. When evaluating these studies, we found that many lacked details on randomization.
The low methodological quality of some studies could have led to over-estimation of the effects of CST on AD. Second, although we evaluated the studies according to the tool, any evaluation of bias is subjective. There is no quantitative index that can evaluate only artificial risk of bias. Third, because we used strict inclusion and exclusion criteria, the number of included studies was less than it could have been otherwise. This may have influenced the strength of the evidence. Additionally, although we reviewed the articles carefully and extracted data from different nodes, some of the included studies did not provide data on the CST durations. Furthermore, only one outcome measure was used in all included studies. MMSE have some major limitations, especially when it comes to sensitivity and test-retest reliability. MMSE is only a brief screening tool, so there may be a test-retest practice effect, which may lead to a non-comprehensive analysis of the efficacy of the intervention group. But in general, MMSE is still the most commonly used assessment tool in clinical practice.
The inclusion of new studies allowed for both a larger population and a greater number of studies. It objectively revealed heterogeneity and low quality of the evidence. This suggests the need for meta-analysis of both more expansive and more sophisticated studies with more specific populations, interventions, co-interventions or outcome measures.
This study also has implications for future research. Firstly, we found that CST was used as a complement to drug therapy in most of the studies. The UK Government NICE guidelines recommend the use of group Cognitive Stimulation instead of drug treatments for individuals with mild to moderate dementia. 7 AD is a type of dementia. Thus,
we recommend that CST alone should be compared with drug therapy in future studies. This would allow for testing whether CST can be used as an alternative therapy for dementia caused by AD. Furthermore, due to a lack of standardization, there were variations in the types of CST. Therefore, we also suggest that future research standardize and generalize cognitive stimulation treatment for AD. Finally, dementia caregiving is challenging because of the stressful work and adverse effects on the physical and mental health of the caregiver. 32, 33 An extensive study has indicated that caregivers are more likely to suffer from depression and poorer physical health than are non-caregivers. 34 Therefore, we suggest that the quality of life for caregivers of patients with AD should be considered as an additional important outcome measure in future clinical trials.
Conclusion
This review has confirmed the effectiveness of cognitive stimulation therapy in improving the cognitive function of individuals with AD. This is the case, regardless of whether long-term CST, maintenance CST, or long-term CST is used. Nevertheless, the long-term CST appeared to be more effective. However, due to heterogeneity among the trials, as well as the low methodological quality of several of the included studies, additional rigorous, welldesigned RCTs with larger sample sizes should be performed.
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